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VARIABLE RATE BUSHING FOR STABILIZER BAR 
BACKGROUND OF THE INVENTION 

The present invention relates generally to a variable rate bushing utilized on a 
vehicle stabilizer bar of a vehicle suspension system which passively interacts with the 
stabiUzer bar to minimize vehicle roll. 

Vehicles are commonly equipped with suspension systems for absorbing road , 
shock and other vibrations, while providing for a smooth and comfortable ride. A 
suspension component, such as a stabilizer bar, is often used to increase roll rigidity and 
improve the steering stabihty of the vehicle. The stabiUzer bar is generally attached to 
the lower A-arms of the suspension system and controls sway as the vehicle turns and 
provides a pull down force during cornering. This is especially important in sports utiUty 
vehicles, which have a higher tendency to roll when the driver attempts an emergency 
maneuver due to the high center of gravity. 

As a vehicle turns, the body of the vehicle rolls to the outside of the turn. The 
suspension components on the outside of the tum are generally compressed, while the 
suspension components on the inside of the tum are generally extended. The stabilizer 
bar "counters this motion by pushing up on the suspension components collapsed and 
compressing the suspension components expanded through torsion in the stabiUzer bar. 

During comering, it is desirable that the stiffness of the stabilizer bar be 
increased. If the stabilizer bar is too compliant, the vehicle will not respond well during 
comering, increasing the likelihood of rolling over. However if the stabilizer bar is too 
stiff, the ride and handling will be compromised during normal vehicle operation. 
Therefore, it is desirable that the stiffness of the stabilizer bar be variable to adjust for 
changing driving conditions. 

Li a proposed vehicle suspension system, a pair of selectively activated variable 
clamping devices clamp the stabilizer bar to the vehicle body. When a roll sensor detects 
vehicle roll above a predetermined threshold, a solenoid valve actuates at least one of the 
clamping devices to provide a clamping force on the stabilizer bar, varying the torsional 
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length of the stabihzer bar. In this prior system, the clamping force is provided by fluid 
which flows into chambers in the clamping device. As the flow of fluid increases, the 
clamping force increases to stiffen the stabilizer bar. 

In another prior stabilizer bar system, the bar contacts a frame stop after a limited 
amount of movement. Once the bar contacts the stop, roll stiffiiess increases 
dramatically. 

SUMMARY OF THE INVENTION 

This invention relates to a variable rate bushing utilized on a stabilizer bar of a 
vehicle suspension system to minimize vehicle roll. 

A variable rate bushing is positioned on a stabilizer bar to passively control the 
rate and stiffiiess of the stabilizer bar. In one embodiment, the bushing includes at least 
one void extending along the length of the bushing. In preferred embodiments, the void 
may be teardrop shaped, arc shaped, or bone shaped. During normal vehicle operation, 
the void is fully expanded, and the stabihzer bar is compliant. When the vehicle turns 
and the stabihzer bar axially twists, the voids are compressed by the stabilizer bar, 
increasing the stiffiiess rate of the bushing. When the voids are fully compressed, 
opposing edges of the voids contact, reducing axial twist of the stabilizer bar. The 
stiffiiess of the stabilizer bar increases, reducing the chance of rollover. 

In a second embodiment, the bushing includes an inner layer of softer material 
proximate to the stabilizer bar and a surrounding outer layer of harder material. During 
turning when the stabilizer bar begins to axially twist, the stabilizer bar first compresses 
the softer material and is more comphant. As the stabilizer bar continues to twist, the 
stabilizer bar eventually presses into the harder material of the bushing, stiffening the 
stabilizer bar and preventing rollover. 

In a third embodiment, a molded insert is positioned in the bushing. The insert is 
preferably made of metal or Kevlar. As the vehicle turns, the stabilizer bar presses into 
the insert, reducing axial twist and increasing the stiffness of the stabilizer bar. 
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Accordingly, the present invention provides a variable rate bushing utilized on a 
stabiUzer bar of a vehicle suspension system to minimize vehicle roll 

These and other features of the present invention will be best understood from the 
following specification and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The various features and advantages of the invention will become apparent to 
those skilled in the art from the following detailed description of the currently preferred 
embodiment. The drawings that accompany the detailed description can be briefly 
described as follows: 

Figure 1 illustrates a front schematic view of a vehicle suspension system 
including a stabilizer bar employing a variable rate bushing of the present invention; 

Figure 2A illustrates a cross-sectional view of a first embodiment of the variable 
rate bushing of the present invention employing tear drop shaped voids; 

Figure 2B illustrates a cross-sectional view of a first embodiment of the variable 
rate bushing of the present invention employing an arc shaped void; 

Figure 2C illustrates a cross-sectional view of a first embodiment of the variable 
rate bushing of the present invention employing a bone shaped void; 

Figure 2D illustrates a cross-sectional view of a first embodiment of the variable 
rate bushing of the present invention employing a wishbone shaped void; 

Figure 3 A illustrates a cross-sectional view of a first embodiment of the variable 
rate bushing of the present invention when the tear dropped shaped voids are compressed; 

Figure 3B illustrates a cross-sectional view of a first embodiment of the variable 
rate bushing of the present invention when the arc shaped void is compressed; 

Figure 3C illustrates a cross-sectional view of a first embodiment of the variable 
rate bushing of the present invention when the bone shaped void is compressed; 

Figure 3D illustrates a cross-sectional view of a first embodiment of the variable 
rate bushing of the present invention when the wish bone shaped void is compressed; 
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Figure 4 illustrates a cross-sectional view of a second embodiment of the variable 
rate bushing of the present invention employing an inner layer of softer material and an 
outer layer of harder material; and 

Figure 5 illustrates a cross-sectional view of a third embodiment of the variable 
rate bushing of the present invention employing an additional molded insert. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Figure 1 illustrates a stabilizer bar 20 of a vehicle suspension system 22. As 
shown, the stabilizer bar 20, or anti-roll bar or anti-sway bar, is attached to control arms 
26 which are connected to wheels 28. A variable rate bushing 34 is positioned on the 
stabilizer bar 20. The stabilizer bar 20 is attached to the vehicle body 30, shown 
schematically, by a mounting bracket 32 (shown in Figure 2A) which is positioned over 
the bushing 34. Although two bushings 34 are illustrated, a worker skilled in the art 
would recognize that this invention extends to mounts employing more or less bushings 
34. 

The variable rate bushing 34 of the present invention passively controls the rate 
and stiffiiess of the stabilizer bar 20. As shown in Figure 2A, the bushing 34 is 
preferably substantially cylindrical in shape and preferably made of rubber or other 
resilient material. The bushing 34 includes an aperture 36 through which the stabilizer 
bar 20 passes. When the mounting bracket 32 is positioned over the bushing 34 to secure 
the stabihzer bar 20 to the vehicle body 30, the lower surface 29 of the bushing 34 is 
shghtly flattened and presses against the body 30. Preferably, the bracket 32 further 
includes a hole 21 in each of the bracket arms 23 which align with a corresponding hole 
25 in the body 30. An attachment member 27, such as a bolt, passes through the aligned 
holes 21 and 25 to secure the mounting bracket 32 to the body 30. However, other 
methods of attachment are possible, and one skilled in the art would know how to attach 
the mounting bracket 32 to the body 30. 



Express Mailing No. EL 747 232 783 US 



60,130-1066 
01MRA0154 



[27] Figure 2A shows a first embodiment of the variable rate busing 34 including a 

pair of tear drop shaped voids 40. The voids 40 preferably extend through the entire 
length L (shown in Figure 1) of the bushing 34. Each void 40 includes an inner surface 
44 equally spaced from the aperture 36 and an outer surface 46. The outer surface 46 is 
closer to the inner surface 44 at the tapered portion 48 of the void 40, and is relatively 
farther away from the inner surface 44 at the enlarged portion 42 of the void 40. An 
alternative bushing 134 has voids 140 which are arc shaped as shown in Figure 2B. 
Another alternative 234 has voids 240 which are bone shaped, as illustrated in Figure 2C. 
Another embodiment 334 has voids 340 which are wishbone shaped, as shown in Figure 
2D. Although four shapes for the voids 40, 140, 240 and 340 have been described and 

^ f illustrated, one skilled in the art would understand that other shapes are possible. 

Q [28] Returning to Figure 2A, during normal vehicle operation, the voids 40 are fully 

1=1 

Q expanded and the bushing 34 has a low rate. The stabilizer bar 20 is compliant, allowing 

for a smooth and comfortable ride. As the vehicle turns, the stabilizer bar 20 axially 
4$ twists and slightly translates to resist vehicle roll. At the beginning of the twist, the 
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^^j^ Stabilizer bar 20 begins to press into the enlarged portion 42 of the void 40. As the void 

f^^ 40 is large at the enlarged portion 42, the inner surface 44 and the outer surface 46 of the 

=p= void 40 do not contact. 

H [29] As the stabilizer bar 20 continues to axially twist and slightly translate, the 

pas 

Stabilizer bar 20 presses along the inner surface 44 of void 40, and the stifftiess of the 
stabilizer bar 20 increases. Eventually, the stabilizer bar 20 presses onto the inner surface 
44 of the void 40 proximate to the tapered portion 48. As the inner surface 44 and the 
outer surface 46 are proximate to each other at the tapered portion 48, the void 40 at the 
tapered portion 48 may collapse, as shown in Figure 3A. Once the irmer surface 44 and 
the outer surface 46 contact, the rate of the bushing 34 becomes high, and ftirther axial 
twist of the stabilizer bar 20 is reduced, increasing the stifftiess of the stabilizer bar 20. 
The vehicle is less prone to rollover because the vehicle does not lean further during 
comering. 
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The voids 40 are preferably located in the bushing 34 such that when the stabilizer 
bar 20 beings to twist, the stabilizer bar 20 first presses into the enlarged portion 42. 
Eventually, the stabilizer bar 20 will twist such that the stabilizer bar 20 presses into the 
tapered portion 48, increasing the stiffiiess of the stabilizer bar 20. One skilled in the art 
would know the proper placement of the voids 40. 

Figure 3B shows the bushing 134 of Figure 2B employing an arc shaped void 134 
compressed by the stabilizer bar 20. When the stabilizer bar 20 twists and presses against 
the inner surface 144 of the void 140, the void 140 compresses. The inner surface 144 
contacts the outer surface 146 of the bushing 134, compressing the void 140 and 
providing for additional stiffhess in the stabilizer bar 20. Figure 3C shows the bushing 
234 employing bone shaped voids 240. When compressed, the inner siu"face 244 of the 
void 240 contacts the outer surface 246, increasing the stiffiiess of the stabilizer bar 20. 
Figure 4D shows the bushing 334 employing wish bone shaped voids 340. When 
compressed, the inner surface 344 of the void 340 contacts the outer surface 346, 
increasing the stiffiiess of the stabilizer bar 20. 

A second type of the bushing 434 is shown in Figure 4. The bushing 434 includes 
an inner layer of softer material 50 and an outer layer of harder material 52. During 
normal vehicle operation, the bushing 434 has a low rate and the stabilizer bar 20 is 
compliant. When the stabilizer bar 20 begins to axially twist, the stabilizer bar 20 first 
presses into the softer material 50. As the stabilizer bar 20 continues to axially twist and 
slightly translate, the stabilizer bar 20 presses into the harder outer layer 52, When the 
stabilizer bar 20 presses into the harder outer layer 52, the bushing 434 has a high rate 
and axial twist of the stabilizer bar 20 is reduced, stiffening the stabilizer bar 20 and 
preventing vehicle roll. 

A third type of the bushing 534, as shown in Figure 5, includes at least one 
molded insert 54 made of a harder material, such as metal or Kevlar, in softer 
surrounding material 55. When the vehicle turns and the stabilizer bar 20 begins to 
axially twist in response to the turn, the stabilizer bar 20 presses into the softer material 
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55. Eventually, with further twist, the stabilizer bar 20 presses against the harder insert 
54. The pressure of the stabiUzer bar 20 on the insert 54 reduces axial twist of the 
stabilizer bar 20, increasing the rate of the bushing 534 and stiffening the stabilizer bar 
20. 

The bushing can also include different combinations of voids 40, layers 50 and 
52, and inserts 54. For example, the bushing 34 can include a teardrop shaped void 40 
and an insert 54, or an arc shaped void 140 positioned in a bushing 34 including a layer 
of softer material 50 and a layer of harder material 52. One skilled in the art would know 
what combinations to use, as well as the placement of the voids 40, layers 50 and 52, and 
inserts 54. 

There are several advantages to utilizing the variable rate bushings 34, 134, 234, 
334, 434, and 534 of the present invention on a stabilizer bar 20. For one, the stiffoess 
and the rate of the stabilizer bar 20 can be continually passively modified according to 
ride conditions. During normal vehicle operations, the stabilizer bar 20 is compliant, 
allowing for a smooth and comfortable ride. When the vehicle turns and the stabilizer bar 
20 axially twists, the stabilizer bar 20 interacts with a variable rate bushing positioned 
about the stabilizer bar 20 to modify the stiffness of the bar 20. The chance of vehicle 
roll is reduced, especially in sports utility vehicles. The stabilizer bar 20 provides 
additional roll stabilization during extreme maneuvers and roll over conditions. The 
stabilizer bar 20 can have low compliance for normal driving, and a high compliance for 
cornering. 

Accordingly, the present invention provides a variable rate bushing utilized on a 
stabilizer bar of a vehicle suspension system to minimize vehicle roll. 

The foregoing description is only exemplary of the principles of the invention. 
Many modifications and variations of the present invention are possible in light of the 
above teachings. The preferred embodiments of this invention have been disclosed, 
however, so that, one of ordinary skill in the art would recognize that certain 
modifications would come within the scope of this invention. It is, therefore, to be 
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understood that within the scope of the appended claims, the invention may be practiced 
otherwise than as specially described. For that reason the following claims should be 
studied to determine the true scope and content of this invention. 



